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,Q WKLV SDSHU WKH SRVVLELOLW\ RI XVLQJ VSDFHERUQH 6$5 VHQVRUV IRU GDP PRQLWRULQJ LV DGGUHVVHG LQ WHUPV RI IHDVLELOLW\ DQG
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,QWURGXFWLRQ






7KLVSURJUHVVZDVRQO\SRVVLEOH WKDQNV WRGDWDREWDLQHGE\ WKH6$5VHQVRUVFDUULHGRQERDUGVDWHOOLWHVDQG WR WKH
GHYHORSPHQWRIQHZLQWHUIHURPHWULFSURFHVVLQJPHWKRGVXVLQJWLPHVHULHVDQDO\VLVRI6$5LPDJHV
7KHILQGLQJWKDWVRPHSRLQWVSL[HOVLQWKH6$5LPDJHPDLQWDLQHGDVWDEOHUHVSRQVHIRUODUJHSHULRGVRIWLPH
SURYLGHG WKH ODXQFK RI WKH EDVHV IRU WKH H[SORUDWLRQ RI LQWHUIHURPHWULF PXOWLWHPSRUDO WHFKQLTXHV 07,Q6$5
HQDEOLQJWRVROYHWKHPDLQOLPLWDWLRQVRIFRQYHQWLRQDO,QWHUIHURPHWU\,Q6$5ILUVWRIDOOLQWHUIHURJUDPVDUHDIIHFWHG
E\WHPSRUDODQGRUJHRPHWULFDOGHFRUUHODWLRQ6HFRQGO\WKHLQWHUIHURPHWULFSKDVHLVZUDSSHGDQGLWPD\EHTXLWH
GLIILFXOW PDQ\ WLPHV LPSRVVLEOH WRXQZUDS LWFRUUHFWO\XVLQJDVLQJOH LQWHUIHURJUDP)LQDOO\HYHQ LIDOOSUHYLRXV
SUREOHPVDUHVROYHGDWPRVSKHULFDUWHIDFWVPD\EHFRPHIUXLWOHVVDOOHIIRUWV07,Q6$5WHFKQLTXHVLQFOXGHVROXWLRQV
WRVRPHRI WKHPHQWLRQHG',Q6$5OLPLWDWLRQV2YHU WKHSDVWIHZ\HDUVDQXPEHURI07,Q6$5DOJRULWKPVZHUH





 'RPRVW UHFHQW LQWHUIHURPHWULF WHFKQLTXHVUHDFKHGDVWDWHRIPDWXULW\DQGGHYHORSPHQWHQDEOLQJVWUXFWXUHV
PRQLWRULQJ"
 :KDWDUHWKHPDLQFRQVWUDLQWVWRWKHDSSOLFDWLRQRI,Q6$5WHFKQLTXHVIRUVWUXFWXUHVPRQLWRULQJ"












(XURSHDQ6SDFH$JHQF\&EDQG LPDJHVDSSHDU WREHYHU\DWWUDFWLYHIRUVWUXFWXUHVPRQLWRULQJ OLNHGDPVXVXDOO\


























W\SHV RI UHÀHFWRUV WKRVHZKHUH WKH UHVSRQVH WR WKH UDGDU LV GRPLQDWHGE\ D VWURQJ UHÀHFWLQJ REMHFW DQG UHPDLQV
FRQVWDQWRYHUWLPH3HUVLVWHQW6FDWWHUHU36DQGWKRVHZKHUHWKHUHVSRQVHLVFRQVWDQWRYHUWLPHEXWLVGXHWRGLIIHUHQW
VPDOOVFDWWHULQJREMHFWV'LVWULEXWHG6FDWWHUHUV'6RU6')3VORZO\GHFRUUHODWLQJILOWHUHGSKDVHDVWKHVHVSHFLILF
SRLQWV DUH NQRZQ LQ 6WD036 6WDQIRUG 0HWKRG IRU 360XOWL7HPSRUDO ,Q6$5 SDFNDJHV 7KH 6$552=
LQWHUIHURPHWULFSDFNDJHZDVDOVRXVHGLQWKLVZRUNDQGERWKSDFNDJHVDUHVXPPDUL]HGLQWKHIROORZLQJVXEVHFWLRQV
2.1. StaMPS Package 
2QHRI WKHPDLQFKDUDFWHULVWLFVRI6WD036LV WKHIDFW WKDW WKH36VHOHFWLRQXVHVSKDVHFKDUDFWHULVWLFVZKLFK LV




WKH GHIRUPDWLRQ WLPH VHULHV WKHGHIRUPDWLRQYHORFLW\ HVWLPDWHGRYHU WKH DQDO\]HG36'6SRLQWV DQG WKH UHVLGXDO
WRSRJUDSKLFHUURUZKLFKUHSUHVHQWVWKHGLIIHUHQFHEHWZHHQWKHWUXHKHLJKWRIWKHVFDWWHULQJSKDVHFHQWHURIDJLYHQ
SRLQWDQGWKHKHLJKWRIWKH'(0LQWKLVSRLQW7KLVLVDNH\SDUDPHWHULQRUGHUWRDFKLHYHDQDFFXUDWHJHRFRGLQJ
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,Q 6WD036 WKH DOJRULWKPV IRU 36 DQG 6')3 SL[HOV VHOHFWLRQ DUH EDVLFDOO\ WKH VDPH +RZHYHU GLIIHUHQW
LQWHUIHURJUDPV DUH XVHG 6LQJOH PDVWHU LQWHUIHURJUDPV DUH XVHG IRU 36 SL[HO VHOHFWLRQ ZKLOH PXOWLSOH PDVWHU
LQWHUIHURJUDPVZLWKVPDOOEDVHOLQHV6%DUHXVHGIRU6')3SL[HOVVHOHFWLRQ6WD03636SL[HOVVHOHFWLRQVWUDWHJ\














)LQDOO\ WKH XQZUDSSHG SKDVHV RI D VLQJOH SL[HO DUH XVHG WR HVWLPDWH D OLQHDU UHODWLRQVKLS ZLWK LWV VSDWLDO










6XFKSUREOHPLVVWULFWO\UHODWHGWR WKHSK\VLFDOQDWXUHRIUDGDU WDUJHWVDQGWR WKHLUFDSDELOLW\RIEHLQJ³YLVLEOH´
XQGHU GLIIHUHQW ORRNLQJ DQJOHVLOOXPLQDWLQJ IUHTXHQFLHV 7KXV 6$53UR=ZDV HTXLSSHG ZLWK DPRGXOH IRU WDUJHW
FKDUDFWHUL]DWLRQDQGUHFRJQLWLRQDEOHWRSURFHVVDQGH[WUDFWLQIRUPDWLRQDOVRIURPWKHDPSOLWXGHRIUDGDULPDJHV$V
D VLGHHIIHFW XVLQJ DPSOLWXGH WLPHVHULHV WKH WRRO EHFDPH DEOH WR GHDO ZLWK WHPSRUDU\ WDUJHWV 0RUHRYHU WKH
UHFRJQLWLRQRIDUDGDUWDUJHWLPSOLHVDSUHFLVHORFDOL]DWLRQDQGZLWKLQ6$53UR=VHYHUDOWHFKQLTXHVIRULPSURYLQJWKH
KHLJKWHVWLPDWLRQDQGWKHFRQVHTXHQWJHRFRGLQJSURFHVVZHUHGHYHORSHG7KHSUREOHPRILQFUHDVLQJWKHGHQVLW\RI
36V LQ H[WUDXUEDQ DUHDVZDV WKHQ IDFHG DQG WKH4XDVL36 DOJRULWKPZDV VWXGLHG DQG LPSOHPHQWHG&XUUHQWO\
6$53UR=SURYLGHVPDQ\GLIIHUHQWRSWLRQVIRUFRPELQLQJORQJVHULHVRIGDWDDQGWKHXVHUFDQFKRRVHZKLFKVHWRI
























(56 GHVFHQGLQJ LPDJHV IURP  WR  DQG  (QYLVDW DVFHQGLQJ LPDJHV IURP  WR
7KHUHVXOWVDUHSUHVHQWHGLQ)LJ
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 WR  DQG  (QYLVDW DVFHQGLQJ LPDJHV IURP  WR  7KH UHVXOWV DUH
SUHVHQWHGLQ)LJ





'HVSLWH WKH GLVWLQFW JHRPHWULHV RI ERWK GDWDVHWV VHYHUDO 36 DUH IRXQG LQ WKH GDP ZDOO 7KH EHKDYLRU RI WKH
GLVSODFHPHQWVFOHDUO\LQGLFDWHVWKDWWKHGHIRUPDWLRQRFFXUVLQDQH[SHFWHGZD\GXHWKHZDWHUSUHVVXUH
3.4. Arenoso dam 
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1RWKLQJVLJQLILFDQWFDQEHGHWHFWHGZKHQFRPSDUHGWRWKHSUHYLRXVSURFHVVLQJKRZHYHUWKLV6HQWLQHW$GDWDVHW
DOORZVUHDOL]LQJWKHDGGHGYDOXHEURXJKWE\WKH&EDQGVHQVRURQERDUG6HQWLQHO$
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36'6SRLQWV ,Q6$5 DOVR SURYLGHV DQ DGGLWLRQDO YDOXH WR RSWLPL]H HVWLPDWHG VXEVLGHQFHPRGHOV DQG SRWHQWLDOO\











³,7,QQRYDWLRQV H[FHOOHQFH LQ VFLHQFH /4´ DQG IURP WKH/DUJH ,QIUDVWUXFWXUHV IRU5HVHDUFK([SHULPHQWDO
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